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(57) ABSTRACT 

In a semiconductor memory device incorporating a memory 
core circuit requiring a refresh operation, a clock signal 
modifying circuit receives an external clock signal to gen 
erate a modified clock signal which is ineffective from a 
timing when the control is Switched from an active mode to 
a special mode to a timing when at least one clock pulse time 
period of the external clock signal has passed after the 
control is Switched from said special mode to an active 
mode. A forced refresh request signal generating circuit 
generates a forced refresh request signal at predetermined 
time periods and an internal clock signal having the same 
period as said forced refresh request signal. An all-time 
refresh request signal generating circuit generates an all 
time refresh request signal in Synchronization with the 
modified clock signal and the internal clock signal. A 
multiplexer selects the forced refresh request signal in the 
special mode and selects the all-time refresh request signal 
in the actual mode. A refresh pulse generating circuit gen 
erates a refresh pulse signal in accordance with one of the 
forced refresh request signal and the all-time refresh request 
signal selected by the multiplexer and transmits the refresh 
pulse signal to the memory core circuit. A read/write pulse 
generating circuit generates a read/write pulse signal in 
synchronization with the modified clock signal and transmits 
the read/write pulse signal to the memory core circuit. 

17 Claims, 17 Drawing Sheets 

REFRESH 
PULSE 

GEN, CIRCUIT 

MEMORY 
CORE 

CIRCUIT 

INPUT BUF. 

  

  

  

  

  



US 7,099.222 B2 

-— EGON BALLOW — WWHSW SÍ?ONOHHONÅS 

Aug. 29, 2006 U.S. Patent 



US 7,099.222 B2 

-— EGON HALLOW — 

Aug. 29, 2006 

1HW HOIBd 

U.S. Patent 



| HV7 HOIHd L?HW HOTHd 

US 7,099.222 B2 Sheet 3 of 17 Aug. 29, 2006 

| | | | | ECOW HAILOV --|----ECOW TWIOECHS NOI. LISNY/H|| 
| HW HOTHE 

U.S. Patent 

  

  



US 7,099.222 B2 Sheet 4 of 17 Aug. 29, 2006 U.S. Patent 

      

  

  

  

  

  

  

  



US 7,099.222 B2 

Cl 

s 

Sheet S of 17 

a #########~~~)^ CJEI-JICJOW 
Aug. 29, 2006 

E00|W| d'EHTISHClOW BÀI 10\} 

3C]OW HAI LOW ! 

U.S. Patent 

  

  

  

  



US 7,099.222 B2 Sheet 6 of 17 Aug. 29, 2006 U.S. Patent 

ÚEI-JICJOW ECOW BALLOW ! 
€4 

se a hur uv sy 

=|00}} dEETS 

| | | | 

BOJOW EAJ-10\} 

  

  

  



US 7,099.222 B2 Sheet 7 Of 17 Aug. 29, 2006 U.S. Patent 

LETIOHIO 
LITOHIO "NE!9 LITTÖHIO "N59 ESTI?ld HSE B-JEH 

30OW 

  









US 7,099.222 B2 Sheet 11 of 17 Aug. 29, 2006 U.S. Patent 

dMH X// / '67-' })()()()),–,7%. No.?ae ECOW ETOÀO 9NOT|BOJOW 
  

  

  

  



US 7,099.222 B2 Sheet 12 of 17 Aug. 29, 2006 U.S. Patent 

37 

O [[] O 00 300\\ BALLOW : H o ZZ/ 

    

    

  

  

  

  

  

  

  

  

  



US 7,099.222 B2 

L)*dHBH HÊ! '6}-} 

U.S. Patent 

  



US 7,099.222 B2 Sheet 14 of 17 Aug. 29, 2006 U.S. Patent 

LITIOHIO EHOO AHOWE'W 

Gdyg|'00% HSHHHHH‘N 
| GS 

O IC] O 00 BOJOW dEBTS : T1 o ZZ/ o XITO 

    

  

  

  

  

  

  

  

  

  

  

  



US 7,099.222 B2 Sheet 15 of 17 Aug. 29, 2006 U.S. Patent 

P h in a m m - will 

  



US 7,099.222 B2 Sheet 16 of 17 Aug. 29, 2006 U.S. Patent 

Å HOWE||NEGO W d?ETS: T 
1100HIOECOW BÅI 10\ : H 

    

  

  

  

  

  

  

  



Z LITIOHIO (]NW WOH-] 

US 7,099.222 B2 Sheet 17 Of 17 

HELN?TOO HE WIL 

Aug. 29, 2006 U.S. Patent 

rf 
(5 

  



US 7,099,222 B2 
1. 

REFRESH OPERATION TYPE 
SEMCONDUCTOR MEMORY DEVICE 

CAPABLE OF SMOOTHLY TRANSFERRING 
SPECIAL STATE TO NORMALACTIVE 
STATE AND ITS DRIVING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor memory 

device such as a pseudo static random access (PSRAM) 
device requiring a refresh operation and its driving method. 

2. Description of the Related Art 
As random access memory (RAM) devices, there are 

static random access memory (SRAM) devices and dynamic 
random access memory (DRAM) devices. 

Firstly, the SRAM devices have an advantage that the 
SRAM devices can be operated at a higher speed than the 
DRAM devices. 

Secondly, the SRAM devices have an advantage that the 
SRAM devices can be accessed, i.e., read from or written to 
by a simpler control than that of the DRAM devices. That is, 
in the SRAM devices, when an address signal is simply 
Supplied thereto, an access operation Such as a read opera 
tion or a write operation is carried out. On the other hand, in 
the DRAM devices, when a row address signal associated 
with a row address strobe (RAS) signal and a column 
address signal associated with a column address strobe 
(CAS) signal are Supplied thereto, an access operation Such 
as a read operation or a write operation is carried out. 

Thirdly, the SRAM devices have an advantage in that the 
power consumption can be smaller than that of the DRAM 
devices. That is, the DRAM devices require a refresh 
operation for holding the memory content thereof even in a 
standby mode, while Such a refresh operation is unnecessary 
in the SRAM devices. 

However, the DRAM devices have an advantage in that 
the DRAM devices have a smaller size than that of the 
SRAM devices. That is, in the SRAM devices, one cell is 
generally constructed by six MOS transistors, while in the 
DRAM devices, one cell is generally constructed by one 
MOS transistor and one capacitor. 

Therefore, the SRAM devices are suitable for use in 
mobile stations in terms of the higher speed characteristics, 
the simpler controllability and the decreased power con 
Sumption, in spite of the Smaller memory capacity. 

However, recently, as mobile stations can communicate 
with E-mail and access Web sites, memories incorporated 
into the mobile stations have been required to have a larger 
memory capacity. 

In order to satisfy the demand for memories incorporated 
into the mobile stations, pseudo SRAM devices having the 
above-mentioned advantages of the SEAM devices and the 
above-mentioned advantage of the DRAM devices have 
been focussed on. That is, in the pseudo SRAM devices, 
when an address signal without a RAS signal and a CAS 
signal is Supplied thereto and is fetched by a chip enable 
(CE) signal, an access operation Such as a read operation or 
a write operation is carried out in Synchronization with an 
external clock signal at a higher speed than the DRAM 
devices. 
The pseudo SRAM devices, however, still require a 

refresh operation for holding the memory contents in a 
standby mode, which is different from the conventional 
SRAM devices. That is, the pseudo SRAM devices have a 
similar cell configuration to the DRAM devices and an 
SRAM interface operated in synchronization with an exter 
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2 
nal clock signal. A first typical pseudo SRAM device is a 
synchronous mobile SRAM (MSRAM) device whose cell is 
constructed by one MOS transistor and one capacitor (see: 
JP-2002-074944-A), and a second typical pseudo SRAM 
device is a dual port SRAM (2T-PSRAM) device whose cell 
is constructed by two MOS transistors and one capacitor 
(see: FIG. 2 of JP-2001-210074-A). 

In the above-mentioned pseudo SEAM devices, an all 
time refresh operation is carried out in an active mode by 
raising the Voltages at refresh word lines triggered by an 
all-time refresh pulse signal in Synchronization with an 
external clock signal, while a forced refresh operation is 
carried out in a special mode by raising the Voltages at the 
refresh word lines triggered by an internally-generated 
forced refresh pulse signal. In this case, the all-time refresh 
pulse signal and the forced refresh pulse signal both have 
much larger periods than that of the external clock signal. 
As illustrated in FIGS. 1A, 1B and 1C, in the active mode 

of the synchronous MSRAM devices, a read/write pulse 
signal RWP for normal word lines alternates with the refresh 
pulse signal REFP, thus avoiding the destruction of cell 
information. Note that, if the read/write pulse signal RWP 
and the refresh pulse signal REFP rise simultaneously, a 
multi-selection occurs to destroy cell information. Also, if a 
refresh pulse signal REFP rises while a restoring operation 
is being carried out after an all-time refresh pulse signal 
rises, cell information also would be destroyed. 
On the other hand, as illustrated in FIGS. 2A, 2B and 2C, 

in the active mode of the 2T-PSRAM, since use is made of 
a two-port configuration, a read/write operation using a 
read/write pulse signal RWP for the normal word lines is 
carried out for one port, while a refresh operation using a 
refresh pulse signal REFP for the refresh word lines is 
carried out for the other port, thus decreasing the control 
time. 

Note that, in the active mode of the 2T-PSRAM devices, 
a small difference between the voltage at a first one of one 
pair of bit lines and a reference voltage is sensed by the 
read/write pulse signal RWP to carry out a read operation, 
while a refresh operation is performed by the refresh pulse 
signal REFP upon a second one of the pair of bit lines. 
Therefore, if the timing of the refresh operation is shifted or 
advanced from its optimum timing, the rapid change of the 
voltage at the second bit line affects the sense operation of 
the first bit line due to the noise by crosstalk, thus destroying 
cell information. 

Four special modes other than the active mode will now 
be explained. 

(1) Sleep Mode (ZZ Mode) 
A sleep mode is defined by a state where no external clock 

signal CLK is supplied to the device. 
(2) Stop Clock Mode (Chip Selection Mode) 
A stop clock mode is defined by a state where an external 

clock signal CLK Supplied to the device is temporarily 
stopped. This is also called a chip selection (CCS) 
mode. 

(3) Clock Non-selection Mode 
A clock non-selection mode is defined by a state where an 

external clock signal CLK is supplied to the device but 
the external clock signal CLK is not selected by a clock 
enable signal CKE within the device. 

(4) Long Cycle Mode 
A long cycle mode is defined by a state where the 

frequency of an external clock signal Supplied to the 
device is lower than a predetermined value. 

In the sleep mode, the stop clock mode or the clock 
non-selection mode, use is never made of the external clock 
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signal CLK. In the long cycle mode, incomplete use is made 
of the external clock signal CLK. 

In a special mode, a forced refresh pulse signal is gener 
ated as an internal clock signal within the device to carry out 
a refresh operation using the refresh word lines. 
When the control is transferred from one of the special 

modes to an active mode, an access operation Such as a read 
operation or a write operation is restarted by using a read/ 
write pulse signal generated in synchronization with the 
external clock signal CLK. 

However, as illustrated in FIGS. 3A, 3B, 3C, 3D and 3E, 
since a forced refresh pulse signal (internal click signal) 
REFB is not in synchronization with an external clock signal 
CLK which is substantially a signal CLK within the device, 
a refresh pulse signal REFP for the refresh word lines 
derived from the forced refresh pulse signal REFB is not in 
synchronization with a read/write pulse signal RWP for the 
normal word lines derived from the signal CLK'. As a result, 
in the synchronous MSRAM devices, when the read/write 
pulse signal RWP is superposed onto the refresh pulse signal 
REFP immediately after transition from a special mode to an 
active mode, a word line multi-selection would occur or a 
restore operation would be intercepted. On the other hand, in 
the 2T-PSRAM devices, when the read/write pulse signal 
RWP is shifted from the refresh pulse signal REFP imme 
diately after transition from a special mode to an active 
mode, a sense operation would be incomplete. 

Thus, it was difficult for the prior art pseudo SRAM 
device to Smoothly transfer a special mode to an active 
mode. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a pseudo 
SRAM device capable of smoothly transferring a special 
mode to an active mode and its driving method. 

According to the present invention, in a semiconductor 
memory device incorporating a memory core circuit requir 
ing a refresh operation, a clock signal modifying circuit 
receives an external clock signal to generate a modified 
clock signal which is ineffective from a timing when the 
control is Switched from an active mode to a special mode 
to a timing when at least one clock pulse time period of the 
external clock signal has passed after the control is Switched 
from said special mode to an active mode. A forced refresh 
request signal generating circuit generates a forced refresh 
request signal at predetermined time periods and an internal 
clock signal having the same period as the forced refresh 
request signal. An all-time refresh request signal generating 
circuit generates an all-time refresh request signal in Syn 
chronization with the modified clock signal and the internal 
clock signal. A multiplexer selects the forced refresh request 
signal in the special mode and selects the all-time refresh 
request signal in the actual mode. A refresh pulse generating 
circuit generates a refresh pulse signal in accordance with 
one of the forced refresh request signal and the all-time 
refresh request signal selected by the multiplexer and trans 
mits the refresh pulse signal to the memory core circuit. A 
read/write pulse generating circuit generates a read/write 
pulse signal in synchronization with the modified clock 
signal and transmits the read/write pulse signal to the 
memory core circuit. 

Also, in a method for driving a semiconductor memory 
device incorporating a memory core circuit requiring a 
refresh operation, a forced refresh operation is performed 
upon the memory core circuit using an internally generated 
forced refresh request signal in a special mode. An all-time 
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4 
refresh operation is performed upon the memory core circuit 
using an external clock signal and an internal clock signal 
having the same period as the internally generated forced 
refresh request signal in an actual mode. A read/write 
operation is performed upon the memory core circuit using 
the external clock signal in the actual mode. The read/write 
operation performed upon the memory core circuit is pro 
hibited for at least one clock time period of the external 
clock signal when the control is transferred from the special 
mode to the actual mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly understood 
from the description set forth below, as compared with the 
prior art, with reference to the accompanying drawings, 
wherein; 

FIGS. 1A, 1B and 1C are timing diagrams for explaining 
the operation of a prior art synchronous MSRAM device; 

FIGS. 2A, 2B and 2C are timing diagrams for explaining 
the operation of a prior art 2T-PSRAM device; 

FIGS. 3A, 3B, 3C, 3D and 3E are timing diagrams for 
explaining the problem in a prior art pseudo SRAM device: 

FIG. 4 is a block circuit diagram illustrating a first 
embodiment of the pseudo SRAM device according to the 
present invention; 

FIGS. 5A through 5J are timing diagrams for explaining 
the operation of the pseudo SRAM device of FIG. 4 in the 
case of a synchronous MSRAM type: 

FIGS. 6A through 6J are timing diagrams for explaining 
the operation of the pseudo SRAM device of FIG. 4 in the 
case of a 2T-PSRAM type: 

FIG. 7 is a block circuit diagram illustrating a second 
embodiment of the pseudo SRAM device according to the 
present invention; 

FIGS. 8A through 8H are timing diagrams for explaining 
the operation of the pseudo SRAM device of FIG. 7 in the 
case of a synchronous MSRAM type: 

FIGS. 9A through 9H are timing diagrams for explaining 
the operation of the pseudo SRAM device of FIG. 7 in the 
case of a 2T-PSRAM type: 

FIG. 10 is a block circuit diagram illustrating a third 
embodiment of the pseudo SRAM device according to the 
present invention; 

FIGS. 11A through 11K are timing diagrams for explain 
ing the operation of the pseudo SRAM device of FIG. 10; 

FIG. 12 is a block circuit diagram illustrating a fourth 
embodiment of the pseudo SRAM device according to the 
present invention; 

FIGS. 13A through 13H are timing diagrams for explain 
ing the operation of the pseudo SRAM device of FIG. 12; 

FIG. 14 is a block circuit diagram illustrating a fifth 
embodiment of the pseudo SRAM device according to the 
present invention; 

FIGS. 15A through 15D are timing diagrams for explain 
ing the operation of the pseudo SRAM device of FIG. 14; 

FIG. 16 is a block circuit diagram illustrating a sixth 
embodiment of the pseudo SRAM device according to the 
present invention; and 

FIG. 17 is a detailed circuit diagram of the REFB gen 
erating circuit, the REFA generating circuit and the multipler 
of FIG. 16. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 4, which illustrates a first embodiment of the 
pseudo SRAM device according to the present invention, an 
external clock signal CLK as shown in FIG. 5A or 6A is 
supplied thereto from the exterior. A register 1 delays a 
special mode signal Such as a sleep signal /ZZ as shown in 
FIG. 5B or 6B to generate a delayed sleep signal /ZZ a 
shown in FIG. 5C or 6C. The register 1 is constructed by one 
or more serially-connected D-type flip-flops. For example, if 
the register 1 is constructed by one D-type flop-flop, the 
sleep signal /ZZ is delayed by a time period of one pulse of 
an external clock signal CLK. Also, if the register 1 is 
constructed by two serially-connected D-type flip-flops, the 
sleep signal /ZZ is delayed by a time period of two pulses of 
the external clock signal CLK. 
An AND circuit 2 receives the external clock signal CLK 

as well as the sleep signal /ZZ and the delayed sleep signal 
/ZZ to generate a modified clock signal CLK as shown in 
FIG.5D or 6D only for the active mode. 
The register 1 and the AND circuit 2 form a clock signal 

modifying circuit. 
An REFB generating circuit (a forced refresh request 

signal generating circuit) 3 generates a forced refresh 
request signal REFB at predetermined time periods as 
shown in FIG. 5E or 6E. The REFB generating circuit 3 is 
an internal clock generating circuit called a refresh timer 
counter. Also, the REFB generating circuit 3 generates an 
internal clock signal REFB' as shown in FIG.5F or 6F which 
has the same frequency as the forced refresh request signal 
REFB but whose phase is delayed a little as compared with 
that of the forced refresh request signal REFB. The period of 
the forced refresh request signal REFB and the internal 
clock signal REFB' is much larger than that of the external 
clock signal CLK. For example, the former period is several 
hundreds or several thousands of the latter. 

Note that the forced refresh request signal REFB will be 
effective only for the sleep mode, and the internal clock 
signal REFB' will be effective only for the active mode. 
An REFA generating circuit (an all-time refresh request 

signal generating circuit) 4 receives the modified clock 
signal CLK' and the internal clock signal REFB' to generate 
an all-time refresh request signal REFA for the active mode. 
In this case, the all-time refresh request signal REFA is 
obtained by an AND logic between the modified clock signal 
CLK' and the internal clock signal REFB'. 
A multiplexer 5 selects one of the force refresh request 

signal REFB and the all-time refresh request signal REFA in 
accordance with the sleep mode signal /ZZ. That is, if /ZZ 
is low, i.e., if the sleep mode signal /ZZ indicates a sleep 
mode, the multiplexer 5 selects the forced refresh request 
signal REFB. On the other hand, if /ZZ is high, i.e., if the 
sleep mode signal /ZZ indicates an active mode, the multi 
plexer 5 selects the all-time refresh request signal REFA. As 
a result, the multiplexer 5 generates a refresh request signal 
REF as shown in FIG. SH or 6H derived from a combination 
of the forced refresh request signal REFB and the all-time 
refresh request signal REFA and transmits it to a refresh 
pulse generating circuit 7 and a refresh address generating 
circuit 8. 
The refresh pulse generating circuit 7 generates a refresh 

pulse signal REFP as shown in FIG. 5I or 6I every time the 
refresh pulse generating circuit 7 has received a refresh 
request signal REF from the multiplexer 5. Also, the refresh 
address generating circuit 8 increments a refresh address 
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6 
RADD every time the refresh address generating circuit 8 
has received a refresh request signal REF from the multi 
plexer 5. 
The refresh pulse signal REFP and the refresh address 

RADD are supplied to a memory core circuit 9 so that the 
refresh pulse signal REFP is applied to one refresh word line 
selected in accordance with the refresh address RADD. 

A read/write pulse generating circuit 10 receives the 
modified clock signal CLK' to generate a read/write pulse 
signal RWP as shown in FIG. 5J or 6J which is then applied 
to one normal word line selected in accordance with an 
address ADD supplied from an address input buffer 11. As 
a result, in a read mode, data DO is read from the memory 
core circuit 9 to a data output buffer 12. Also, in a write 
mode, input data DI supplied to a data input buffer 13 is 
written into one cell of the memory core circuit 9. 

In FIG. 4, a read/write operation is carried out in a 
modified active mode defined by the modified clock signal 
CLK', not in an active mode defined by the sleep signal /ZZ 
(see: FIGS. 5D (6D) and 5J (6J)). On the other hand, a 
refresh operation based upon the forced refresh request 
signal REFB asynchronous to the clock signal CLK is 
carried out in a sleep mode (see: FIGS. 5B (6B), 5E (6E),5H 
(6H) and 5I (6I)). Therefore, since there is a gap defined by 
the register 1 between the end time t2 of the sleep mode and 
the state time t3 of the modified active mode, the read/write 
operation never interferes with the forced refresh operation, 
thus smoothly transferring the sleep mode to the active 
mode. 

Also, a refresh operation based upon the all-time refresh 
request signal REFA synchronous to the clock signal CLK in 
an active mode is carried out so as not to interfere with the 
read/write operation in the modified active mode. 

In the case of a synchronous MSRAM type, as shown in 
FIGS. 5I and 5.J., refresh pulse signals P and P. alternate 
with read/write pulse signals P, P and Ps, i.e., the refresh 
pulse signals P and P are not superposed onto the read/ 
write pulse signals P, P and Ps, thus avoiding an erroneous 
operation Such as a word line multi-operation or an inter 
ception of a restore operation. 

In the case of a 2T-PSRAM type, as illustrated in FIGS. 
6I and 6.J., each refresh pulse signal P' and P' is superposed 
onto one read/write pulse signal Ps", P." or Ps", thus avoiding 
an improper sense operation. 
The operation of the synchronous MSRAM type of FIG. 

4 as shown in FIGS. 5A through 5J will be explained next 
in detail. 

In an active mode before time t1, the sleep mode signal 
/ZZ and the modified sleep mode signal /ZZ are both high 
as shown in FIGS. 5B and 5C, so that the clock signal CLK 
passes through the AND circuit 2. Therefore, the modified 
clock signal CLK is the same as the clock signal CLK as 
shown in FIGS 5A and 5D. 

On the other hand, the modified clock signal CLK with 
the internal clock signal REFB' as shown in FIG. 5F is 
supplied to the REFA generating circuit 4, the REFA gen 
erating circuit 4 generates the all-time refresh request signal 
REFA as shown in FIG. 5G which is selected by the 
multiplexer 5 as the refresh request signal REF as shown in 
FIG. 5H and is then transmitted to the refresh pulse gener 
ating circuit 7 and the refresh address generating circuit 8. 
Thus, the refresh pulse signal REFP is generated by the 
refresh pulse generating circuit 7 in accordance with the 
all-time refresh signal REFA as shown in FIG.5I. Also, the 
read/write pulse signal RWP is generated by the read/write 
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pulse generating circuit 10, so that the read/write pulse 
signal RWP is not superposed onto the refresh pulse signal 
REFP as shown in FIG. S.J. 

In a sleep mode between time t1 and time t2, the sleep 
mode signal /ZZ is low as shown in FIG. 5B, so that the 
clock signal CLK cannot pass through the AND circuit 2. 
Therefore, the modified clock signal CLK" is low as shown 
in FIG. 5D. As a result, since the modified clock signal CLK 
with the internal clock signal REFB as shown in FIG. 5F is 
not supplied to the REFA generating circuit 4, the REFA 
generating circuit 4 does not generate the all-time refresh 
request signal REFA as shown in FIG. 5G. In this case, the 
forced fresh request signal REFB as shown in FIG. 5F is 
selected by the multiplexer 5 as the refresh request signal 
REF as shown in FIG. 5H and is then transmitted to the 
refresh pulse generating circuit 7 and the refresh address 
generating circuit 8. Thus, the refresh pulse signal REFP is 
generated by the refresh pulse generating circuit 7 in accor 
dance with the forced refresh signal REFB as shown in FIG. 
5I. Also, the read/write pulse signal RWP is not generated by 
the read/write pulse generating circuit 10, so that no read/ 
write operation is carried out. 

Note that if a forced refresh request signal REFB is 
generated at the end of the sleep mode as indicated by X1 in 
FIG. 5E, its corresponding refresh pulse signal REFP as 
indicated by X2 in FIG.5I would be generated after the sleep 
mode. 

However, in a transition state between time t2 and time t3 
from the sleep mode to the active mode, since no modified 
clock signal CLK is still generated as indicated by Y1 in 
FIG. 5D, no read/write pulse signal RWP is generated as 
indicated by Y2 in FIG. 5.J. Therefore, the read/write pulse 
signal RWP is not superposed onto the refresh pulse signal 
REFP as shown in FIGS. SI and 5.J. 
The operation of the 2T-PSRAM type of FIG. 4 as shown 

in FIGS. 6A through 6J will be explained in detail. Even in 
this case, a forced refresh request signal REFB is generated 
at the end of the sleep mode as indicated by X1" in FIG. 6E, 
its corresponding refresh pulse signal REFP as indicated by 
X2' in FIG. 6I would be generated after the sleep mode. 

However, in a transition state between time t2 and time t3 
from the sleep mode to the active mode, since no modified 
clock signal CLK is still generated as indicated by Y1" in 
FIG. 6D, no read/write pulse signal RWP is generated as 
indicated by Y2" in FIG. 6.J. Therefore, the read/write pulse 
signal RWP is not superposed onto the refresh pulse signal 
REFP as shown in FIGS. 6I and 6.J. 

In FIG. 7, which illustrates a second embodiment of the 
pseudo SRAM device according to the present invention, a 
clock generating circuit 21 is externally provided instead of 
the register 1 and the AND circuit 2 of FIG. 4. The clock 
generating circuit 21 receives a special mode signal Such as 
a sleep signal /ZZ as shown in FIG. 8A or 9A to generate an 
external clock signal CLK as shown in FIG. 8B or 9B. That 
is, the clock signal generating circuit 21 stops the generation 
of the clock signal CLK' immediately after the sleep signal 
/ZZ is switched from low to high, and restarts the generation 
of the clock signal CLK' after a set-up time T has passed 
when the sleep signal /ZZ is switched from low to high. The 
set-up time T can be adjusted by a delay time due to the 
connections within the clock generating circuit 21 or by 
introducing a logic circuit similar to the register 1 of FIG. 4 
thereinto. For example, the clock generating circuit 21 is 
constructed by a clock generating circuit 211, a rising edge 
detecting circuit formed by a delay circuit 212 having a 
delay time (set-up) time T and a NAND circuit 213, a 
NAND circuit 214 and an inverter 215. In this case, the 
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8 
set-up time T is adjusted to be sufficiently longer than a 
refresh pulse time T, as shown in FIG. 8J or 9.J. 
The operation of the synchronous MSRAM type of FIG. 

7 as shown in FIGS. 8A through 8H will be explained next 
in detail. 

In an active mode before time t1, the sleep mode signal 
/ZZ is high as shown in FIG. 8A and the clock signal CLK 
is shown in FIG. 8B. 
On the other hand, the clock signal CLK with the internal 

clock signal REFB' as shown in FIG. 8D is supplied to the 
REFA generating circuit 4, the REFA generating circuit 4 
generates the all-time refresh request signal REFA as shown 
in FIG. 8E which is selected by the multiplexer 5 as the 
refresh request signal REF as shown in FIG. 8F and is then 
transmitted to the refresh pulse generating circuit 7 and the 
refresh address generating circuit 8. Thus, the refresh pulse 
signal REFP is generated by the refresh pulse generating 
circuit 7 in accordance with the all-time refresh signal REFA 
as shown in FIG. 8G. Also, the read/write pulse signal RWP 
is generated by the read/write pulse generating circuit 10, so 
that the read/write pulse signal RWP is not superposed onto 
the refresh pulse signal REFP as shown in FIG. 8H. 

In a sleep mode between time t1 and time t2, the sleep 
mode signal /ZZ is low as shown in FIG. 8A, and the clock 
signal CLK" is low as shown in FIG. 8B. Therefore, the clock 
signal CLK with the internal clock signal REFB' as shown 
in FIG. 8D is not supplied to the REFA generating circuit 4. 
the REFA generating circuit 4 does not generate the all-time 
refresh request signal REFA as shown in FIG. 8E. In this 
case, the forced fresh request signal REFB as shown in FIG. 
8D is selected by the multiplexer 5 as the refresh request 
signal REF as shown in FIG. 8F and is then transmitted to 
the refresh pulse generating circuit 7 and the refresh address 
generating circuit 8. Thus, the refresh pulse signal REFP is 
generated by the refresh pulse generating circuit 7 in accor 
dance with the forced refresh signal REFB as shown in FIG. 
8G. Also, the read/write pulse signal RWP is not generated 
by the read/write pulse generating circuit 10, so that no 
read/write operation is carried out. 

Note that if a forced refresh request signal REFB is 
generated at the end of the sleep mode as indicated by X1 in 
FIG. 8C, its corresponding refresh pulse signal REFP as 
indicated by X2 in FIG. 8G would be generated after the 
sleep mode. 

However, in a transition state between time t2 and time t3 
from the sleep mode to the active mode, since no clock 
signal CLK" is still generated as indicated by Y1 in FIG.8B, 
no read/write pulse signal RWP is generated as indicated by 
Y2 in FIG. 8H. Therefore, the read/write pulse signal RWP 
is not superposed onto the refresh pulse signal REFP as 
shown in FIGS. 8G and 8H. 
The operation of the 2T-PSRAM type of FIG. 7 as shown 

in FIGS. 9A through 9H will be explained next in detail. 
Even in this case, a forced refresh request signal REFB is 
generated at the end of the sleep node as indicated by X1" in 
FIG. 9C, its corresponding refresh pulse signal REFP as 
indicated by X2' in FIG.9G would be generated after the 
sleep mode. 

However, in a transition state between time t2 and time t3 
from the sleep mode to the active mode, since no clock 
signal CLK" is still generated as indicated by Y1" in FIG.9B, 
no read/write pulse signal RWP is generated as indicated by 
Y2" in FIG. 9H. Therefore, the read/write pulse signal RWP 
is not superposed onto the refresh pulse signal REFP as 
shown in FIGS. 9G and 9H. 

In FIG. 10, which illustrates a third embodiment of the 
pseudo SRAM device according to the present invention, an 
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external clock signal CLK supplied from the exterior is 
assumed to have a short cycle mode and a long cycle mode 
as shown in FIG. 11A. 

Also, the register 1 of FIG. 4 is deleted, and the AND 
circuit 2 of FIG. 4 is replaced by an AND circuit 2' which 
receives the external clock signal CLK and the sleep mode 
signal /ZZ. 

Further, a frequency determining circuit 31 is connected 
to the output of the AND circuit 2", to thereby determine 
whether the frequency of the clock signal CLK is higher than 
a predetermined value. Only when the frequency of the 
clock signal CLK is higher than the predetermined value, is 
the output signal S, of the frequency determining circuit 31 
high. Otherwise, the output signal S, of the frequency 
determining circuit 31 is low. 

The output signal S, of the frequency determining circuit 
31 is used for controlling the multiplexer 5 via the inverter 
6. That is, when S, is high, i.e., when the frequency of the 
clock signal CLK is higher than the predetermined value, the 
multiplexer 5 selects the all-time refresh request signal 
REFA. Otherwise, the multiplexer 5 selects the forced 
refresh request signal REFB. 
A register 32 delays the output signal S, of the frequency 

determining circuit 32 to generate a delayed signal S. The 
register 32 is constructed by one or more serially-connected 
D-type flip-flops. For example, if the register 32 is con 
structed by one D-type flip-flop, the output signal S, is 
delayed by a time period of one pulse of the clock signal 
CLK. Also, if the register 32 is constructed by two serially 
connected D-type flip-flops, the output signal S, is delayed 
by a time period of two pulses of the clock signal CLK. 
An AND circuit 33 receives the clock signal CLK, where 

the sleep mode signal /ZZ is high, as well as the output 
signal S, and the delayed signal S, to generate a modified 
clock signal CLK as shown in FIG. 11E only for the short 
cycle mode. 
The register 32 and the AND circuit 33 form a clock 

signal modifying circuit. 
In FIG. 10, a read/write operation is carried out in a 

modified short cycle mode defined by the modified clock 
signal CLK', not in a short cycle mode defined by the output 
signal S, (see: FIG. 11E). On the other hand, a refresh 
operation based upon the forced refresh request signal REFB 
asynchronous to the clock signal CLK is carried out in a long 
cycle mode (see: FIGS. 11C, 11J, 11 I and 11J). Therefore, 
since there is a gap defined by the register 32 between the 
end time t2 of the long cycle mode and the start time t3 of 
the modified short cycle mode, the read/write operation 
never interferes with the forced refresh operation, thus 
enabling a smooth transfer of the long cycle mode to the 
short cycle mode. 

Also, a refresh operation based upon the all-time refresh 
request signal REFA Synchronous to the clock signal CLK in 
a short cycle mode is carried out so as not to interfere with 
the read/write operation in the modified short cycle mode. 

In the case of a synchronous MSRAM type, as shown in 
FIGS. 11J and 11K, refresh pulse signals P and P. alternate 
with read/write pulse signals P. Pl, and Ps, i.e., the refresh 
pulse signals P and P are not Superposed onto the read/ 
write pulse signals P, P and Ps, thus avoiding an erroneous 
operation Such as a word line multi-operation or an inter 
ception of a restore operation. 
The operation of the synchronous MSRAM type of FIG. 

10 as shown in FIGS. 11A thorough 11K will be explained 
next in detail. 

In a short cycle mode before time t1, assume that the sleep 
node signal /ZZ is high as shown in FIG. 11B, so that the 
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clock signal CLK passes through the AND circuit 2'. There 
fore, the output signal S, of the frequency determining circuit 
31 is high as shown in FIG. 11C, and its delay output signal 
S is also high as shown in FIG. 11D. Therefore, the AND 
circuit 33 generates the modified clock signal CLK which is 
the same as the clock signal CLK, as shown in FIGS. 11A 
and 11E. 
On the other hand, the clock signal CLK with the internal 

clock signal REFB' as shown in FIG. 11G is supplied to the 
REFA generating circuit 4, the REFA generating circuit 4 
generates the all-time refresh request signal REFA as shown 
in FIG. 11H which is selected by the multiplexer 5 as the 
refresh request signal REF as shown in FIG. 11 I and is then 
transmitted to the refresh pulse generating circuit 7 and the 
refresh address generating circuit 8. Thus, the refresh pulse 
signal REFP is generated by the refresh pulse generating 
circuit 7 in accordance with the all-time refresh signal REFA 
as shown in FIG. 11 H. Also, the read/write pulse signal RWP 
is generated by the read/write pulse generating circuit 10, so 
that the read/write pulse signal RWP is not superposed onto 
the refresh pulse signal REFP, as shown in FIG. 11K. 

In a long cycle mode between time t1 and time t2 also 
assume that the sleep mode signal /ZZ is high as shown in 
FIG. 11B. In this case, the output signal S, of the frequency 
determining circuit 31 is switched from high to low as 
shown in FIG. 11C, and its delayed signal S is then 
switched from high to low as shown in FIG. 11D. Therefore, 
the modified clock signal CLK" is made low by the AND 
circuit 33 as shown in FIG. 11E. 
On the other hand, the forced refresh request signal REFB 

as shown in FIG. 11F, and the all-time refresh request signal 
REFA as shown in FIG. 11H are supplied to the multiplexer 
5. In this case, the forced fresh request signal REFB as 
shown in FIG. 11F is selected by the multiplexer 5 as the 
refresh request signal REF as shown in FIG. 11 I and is then 
transmitted to the refresh pulse generating circuit 7 and the 
refresh address generating circuit 8. Thus, the refresh pulse 
signal REFP is generated by the refresh pulse generating 
circuit 7 in accordance with the forced refresh signal REFB 
as shown in FIG. 11F. Also, the read/write pulse signal RWP 
is not generated by the read/write pulse generating circuit 
10, so that no read/write operation is carried out. 
Note that if a forced refresh request signal REFB is 

generated at the end of the sleep mode as indicated by X1 in 
FIG. 11F, its corresponding refresh pulse signal REFP as 
indicated by X2 in FIG. 11J would be generated after the 
long cycle mode. 

However, in a transition state between time t2 and time t3 
from the long cycle mode to the short cycle mode, since no 
modified clock signal CLK" is still generated as indicated by 
Y1 in FIG. 11E, no read/write pulse signal RWP is generated 
as indicated by Y2 in FIG. 11K. Therefore, the read/write 
pulse signal RWP is not superposed onto the refresh pulse 
signal REFP as shown in FIGS. 11J and 11K. 
Even in the 2T-PSRAM type pseudo SRAM device, in the 

same way as in the synchronous MSRAM device, the 
read/write pulse signal RWP is not superposed onto the 
refresh pulse signal REFP, thus avoiding an improper sense 
operation. 

In FIG. 12, which illustrates a fourth embodiment of the 
pseudo SRAM device according to the present invention, 
assume that the control is Switched from a chip non 
selection state to a chip selection state, i.e., an active state. 

Also, the register 1 of FIG. 4 is deleted, and the AND 
circuit 2 of FIG. 4 is replaced by an AND circuit 2' which 
receives the external clock signal CLK and the sleep mode 
signal /ZZ. 
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Further, a chip selection signal CS is supplied to the 
device of FIG. 12. That is, a register 41 formed by a D-type 
flip-flop fetches the chip selection signal CS in synchroni 
Zation with the clock signal CLK and transmits it to one 
input of an AND circuit 42 whose other input receives the 
clock signal CLK. 

Only when the output signal S41 of the register 41 is high, 
is the output signal S42 of the AND circuit 42 the same as 
the clock signal CLK. Otherwise, the output signal S42 of 
the AND circuit 42 is low. In other words, when the chip 
selection signal CS is high, the AND circuit 42 passes the 
clock signal CLK therethrough. 
A determination circuit 43 receives the output signal S2 of 

the AND circuit 42 and the forced refresh request signal 
REFB from the REFB generating circuit 3 to generate an 
output signal S43. 
The register 41, the AND circuit 42 and the determination 

circuit 43 form a clock signal modifying circuit. 
The determination circuit 43 determines whether or not 

there is a forced refresh request signal REFB when the clock 
signal CLK rises. Note that, if there is such a forced refresh 
request signal REFB, a read/write pulse signal RWP would 
be superposed onto a refresh pulse signal REFP. Therefore, 
when there is no forced refresh request signal REFB, the 
determination circuit 43 passes the clock signal CLK with 
out delay, while, when there is such a forced refresh request 
signal REFB, the determination circuit 43 passes the clock 
signal CLK with delay which is about several ns to 50 ns. 
The determination circuit 43 constructed by a D-type 

flip-flop 431 for fetching the forced refresh request signal 
REFB in synchronization with the output signal S42 of the 
AND circuit 42, a delay circuit 432 having a delay time DL 
and a Switch 433 for passing the output signal of the delay 
circuit 432 in accordance with the output signal of the 
D-type flip-flop 431. 
The operation of the pseudo SRAM device of FIG. 12 will 

be explained next in detail with reference to FIGS. 13A 
through 13H. 

First, at time t1, the chip selection signal CS rises as 
shown in FIG. 13A. 

Next, at time t2, the clock signal CLK rises as shown in 
FIG. 13B, so that the output signal S41 of the register 41 is 
switched from low to high. As a result, the AND circuit 42 
passes the clock signal CLK therethrough so that the output 
signal S42 of the AND circuit 42 is equal to the clock signal 
CLK as shown in FIG. 13D. 
At time t2, since there is a forced refresh request signal 

REFB as shown in FIG. 13E, the determination circuit 43 
passes the clock signal CLK therethrough with a delay time 
DL, so that the output signal S43 of the determination circuit 
43 is delayed for the delay time DL as compared with the 
clock signal CLK, as shown in FIG. 13F. As a result, the 
read/write pulse signal RWP as shown in FIG. 13G is shifted 
from the expected refresh pulse signal REFP as shown in 
FIG. 13H. 

Next, at time t3, the clock signal CLK again rises as 
shown in FIG. 13B, so that the output signal S41 of the 
register 41 is still high. As a result, the AND circuit 42 passes 
the clock signal CLK therethrough so that the output signal 
S42 of the AND circuit 42 is equal to the clock signal CLK 
as shown in FIG. 13D. 
At time t3. Since there is no forced refresh request signal 

REFB as shown in FIG. 13E, the determination circuit 43 
passes the block signal CLK therethrough without a delay 
time DL, so that the output signal S43 of the determination 
circuit 43 is approximately the same as the clock signal 
CLK, as shown in FIG. 13F. As a result, the read/write pulse 
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12 
signal RWP is not shifted as shown in FIG. 13G while there 
is no expected refresh pulse signal REFP as shown in FIG. 
13H. 

In FIG. 14, which illustrates a fifth embodiment of the 
pseudo SRAM device according to the present invention, 
assume that control is Switched from a clock non-selection 
state to a clock selection state, i.e., an active state. 

Also, the register 1 of FIG. 4 is deleted, and the AND 
circuit 2 of FIG. 4 is replaced by an AND circuit 2' which 
receives the external clock signal CLK and the sleep mode 
signal /ZZ. 

Further, a clock enable signal /CKE is supplied to the 
device of FIG. 14. That is, an inverter 51 fetches the clock 
enable signal /CKE and transmits it to one input of an AND 
circuit 52 whose other input receives the clock signal CLK. 

Only when the output signal S51 of the inverter 51 is high, 
is the output signal S52 of the AND circuit 52 the same as 
the clock signal CLK. Otherwise, the output signal S52 of 
the AND circuit 52 is low. In other words, when the clock 
enable signal /CKE is low, the AND circuit 52 passes the 
clock signal CLK therethrough. 
The operation of the pseudo SRAM device of FIG. 14 will 

be explained next in detail with reference to FIGS. 15A 
through 15D. 
At time t1, the clock enable signal /CKE falls as shown in 

FIG. 15A. 
Therefore, a read/write pulse signal RWP is generated 

only after time t1 as shown in FIG. 15C. On the other hand, 
a refresh pulse request signal REFP is generated in accor 
dance with a forced refresh request signal REFB only before 
time t1 is shown in FIG. 15D. Therefore, the read/write pulse 
signal RWP is not superposed onto the refresh pulse signal. 
Thus, an erroneous operation Such as a word line multi 
operation or an interception of a restore operation and an 
improper sense operation can be avoided. 

Note that two or more of the above-described embodi 
ments can be combined into one pseudo SRAM device. For 
example, in FIG. 16, the first embodiment of FIG. 4, the 
third embodiment of FIG. 10 and the fifth embodiment of 
FIG. 14 are combined into one pseudo SRAM device. 
The REFB generating circuit 3, the REFA generating 

circuit 4 and the multiplexer 5 of FIG. 16 are illustrated in 
FIG. 17. In FIG. 17, a timer counter 701 generates a periodic 
signal for setting an RS-flip-flop 702 which is reset by the 
refresh request signal REF. ANAND circuit 703 receives the 
sleep signal /ZZ and the output signal Sr of the frequency 
determining circuit 31. A NAND circuit 704 receives the 
output signals of the flip-flop 702 and the NAND circuit 703 
to generate the forced refresh request signal REFB, and a 
NAND circuit 705 receives the output signals of the flip-flop 
702, the AND circuit 2 (FIG. 16) and the frequency deter 
mining circuit 31 to generate the all-time refresh request 
signal REFA. A NAND circuit 705 receives the output 
signals REFB and REFA of the NAND circuit 704 and 705 
to generate the refresh request signal REF (REFB or 
REFA). 
As explained hereinabove, according to the present inven 

tion, since refresh pulse signals are not Superposed onto 
read/write pulse signals, the transfer of a special mode to an 
active mode can be smoothly carried out. 
The invention claimed is: 
1. A semiconductor memory device incorporating a 

memory core circuit requiring a refresh operation, compris 
1ng: 

a clock signal modifying circuit adapted to receive an 
external clock signal to generate a modified clock 
signal which is ineffective from a timing when the 
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control is Switched from an active mode to a special 
mode to a timing when at least one clock pulse time 
period of said external clock signal has passed after the 
control is Switched from said special mode to an active 
mode; 

a forced refresh request signal generating circuit adapted 
to generate a forced refresh request signal at predeter 
mined time periods and an internal clock signal having 
the same period as said forced refresh request signal; 

an all-time refresh request signal generating circuit con 
nected to said clock modifying circuit and adapted to 
generate an all-time refresh request signal in Synchro 
nization with said modified clock signal and said inter 
nal clock signal; 

a multiplexer connected to said forced refresh request 
signal generating circuit and said all-time refresh 
request signal generating circuit and adapted to select 
said forced refresh request signal in said special mode 
and select said all-time refresh request signal in said 
actual mode; 

a refresh pulse generating circuit connected to said mul 
tiplexer and adapted to generate a refresh pulse signal 
in accordance with one of said forced refresh request 
signal and said all-time refresh request signal selected 
by said multiplexer and transmit said refresh pulse 
signal to said memory core circuit; and 

a read/write pulse generating circuit connected to said 
modified clock signal generating circuit and adapted to 
generate a read/write pulse signal in Synchronization 
with said modified clock signal and transmit said 
read/write pulse signal to said memory core circuit. 

2. The semiconductor memory device as set forth in claim 
1, wherein said clock signal modifying circuit comprises: 

a register adapted to receive said external clock signal and 
a special mode signal to delay said special mode signal 
by a time period of at least one clock pulse of said 
external clock signal; and 

an AND circuit connected to said register and adapted to 
receive said external clock signal, said special mode 
signal and an output signal of said register to generate 
said modified clock signal. 

3. The semiconductor memory device as set forth in claim 
1, wherein said special mode is a sleep mode. 

4. A semiconductor memory device incorporating a 
memory core circuit requiring a refresh operation, compris 
ing: 

a forced refresh request signal generating circuit adapted 
to generate a forced refresh request signal at predeter 
mined time periods and an internal clock signal having 
the same period as said forced refresh request signal; 

an all-time refresh request signal generating circuit con 
nected to said clock modifying circuit and adapted to 
receive said modified clock signal and generate an 
all-time refresh request signal in Synchronization with 
a modified clock signal and said internal clock signal, 
said modified clock signal being ineffective from a 
timing when the control is Switched from an active 
mode to a special mode to a timing when at least one 
clock pulse time periods of said modified clock signal 
has passed after the control is switched from said 
special mode to an active mode; 

a multiplexer connected to said forced refresh request 
signal generating circuit and said all-time refresh 
request signal generating circuit and adapted to select 
said forced refresh request signal in said special mode 
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and select said all-time refresh request signal in said 
actual mode in accordance with said special mode and 
said active mode; 

a refresh pulse generating circuit connected to said mul 
tiplexer and adapted to generate a refresh pulse signal 
in accordance with one of said forced refresh request 
signal and said all-time refresh request signal selected 
by said multiplexer and transmit said refresh pulse 
signal to said memory core circuit; and 

a read/write pulse generating circuit adapted to receive 
said modified clock signal and generate a read/write 
pulse signal in Synchronization with said modified 
clock signal and transmit said read/write pulse signal to 
said memory core circuit. 

5. The semiconductor memory device as set forth in claim 
4, wherein said special mode is a sleep mode. 

6. A semiconductor memory device incorporating a 
memory core circuit requiring a refresh operation, compris 
ing: 

a forced refresh request signal generating circuit adapted 
to generate a forced refresh request signal at predeter 
mined time periods and an internal clock signal having 
the same period as said forced refresh request signal; 

an all-time refresh request signal generating circuit 
adapted to receive an external clock signal to generate 
an all-time refresh request signal in Synchronization 
with said clock signal and said internal clock signal; 

a frequency determining circuit adapted to receive said 
external clock signal to determine whether or not the 
frequency of said external clock signal is larger than a 
predetermined value; 

a multiplexer connected to said forced refresh request 
signal generating circuit, said all-time refresh request 
signal generating circuit and said frequency determin 
ing circuit and adapted to select said forced refresh 
request signal in said special mode and select said 
all-time refresh request signal in said actual mode; 

a refresh pulse generating circuit connected to said mul 
tiplexer and adapted to generate a refresh pulse signal 
in accordance with one of said forced refresh request 
signal and said all-time refresh request signal selected 
by said multiplexer and transmit said refresh pulse 
signal to said memory core circuit; 

a clock signal modifying circuit connected to said fre 
quency determining circuit and adapted to generate a 
modified clock signal which is ineffective from a 
timing when the frequency of said external clock signal 
becomes Smaller than said predetermined value to a 
timing when at least one clock pulse time period of said 
external clock signal has passed after the frequency of 
said external clock signal becomes larger than said 
predetermined value; and 

a read/write pulse generating circuit connected to said 
modified clock signal generating circuit and adapted to 
generate a read/write pulse signal in Synchronization 
with said modified clock signal and transmit said 
read/write pulse signal to said memory core circuit. 

7. The semiconductor memory device as set forth in claim 
6, wherein said clock signal modifying circuit comprises: 

a register adapted to receive said external clock signal and 
the output signal of said frequency determining circuit 
to delay the output signal of said frequency determining 
circuit by a time period of at least one clock pulse of 
said external clock signal; and 

an AND circuit connected to said frequency determining 
circuit and said register and adapted to receive said 
external clock signal, the output signal of said fre 
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quency determining circuit and the output signal of said 
register to generate said modified clock signal. 

8. A semiconductor memory device incorporating a 
memory core circuit requiring a refresh operation, compris 
ing: 

a forced refresh request signal generating circuit adapted 
to generate a forced refresh request signal at predeter 
mined time periods and an internal clock signal having 
the same period as said forced refresh request signal; 

an all-time refresh request signal generating circuit 
adapted to receive an external clock signal to generate 
an all-time refresh request signal in Synchronization 
with said clock signal and said internal clock signal; 

a multiplexer connected to said forced refresh request 
signal generating circuit and said all-time refresh 
request signal generating circuit and adapted to select 
said forced refresh request signal in a special mode and 
Select said all-time refresh request signal in an actual 
mode; 

a refresh pulse generating circuit connected to said mul 
tiplexer and adapted to generate a refresh pulse signal 
in accordance with one of said forced refresh request 
signal and said all-time refresh request signal selected 
by said multiplexer and transmit said refresh pulse 
signal to said memory core circuit; 

a clock signal modifying circuit connected to said forced 
refresh request signal generating circuit and adapted to 
receive said external clock signal and a chip selection 
signal to generate a modified clock signal which is 
obtained by delaying said external clock signal in 
accordance with a relationship between said forced 
refresh request signal and said external clock signal 
when said chip selection signal is being enabled; and 

a read/write pulse generating circuit connected to Said 
modified clock signal generating circuit and adapted to 
generate a read/write pulse signal in Synchronization 
with said modified clock signal and transmit said 
read/write pulse signal to said memory core circuit. 

9. The semiconductor memory device as set forth in claim 
8, wherein said clock signal modifying circuit comprises: 

a register adapted to receive said external clock signal and 
said chip selection signal to fetch said chip selection 
signal in accordance with said external clock signal; 

an AND circuit connected to the output of said register 
and adapted to pass said external clock signal in 
accordance with the output signal of said register; and 

a determination circuit connected to said AND circuit and 
said forced refresh request signal generating circuit and 
adapted to delay the output signal in accordance with 
said forced refresh request signal. 

10. The semiconductor memory device as set forth in 
claim 8, wherein said special mode is a sleep mode. 

11. A semiconductor memory device incorporating a 
memory core circuit requiring a refresh operation, compris 
ing: 

a forced refresh request signal generating circuit adapted 
to generate a forced refresh request signal at predeter 
mined time periods and an internal clock signal having 
the same period as said forced refresh request signal; 

an all-time refresh request signal generating circuit 
adapted to receive an external clock signal to generate 
an all-time refresh request signal in Synchronization 
with said clock signal and said internal clock signal; 

a multiplexer connected to said forced refresh request 
signal generating circuit and said all-time refresh 
request signal generating circuit and adapted to select 
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said forced refresh request signal in a special mode and 
Select said all-time refresh request signal in an actual 
mode; 

a refresh pulse generating circuit connected to said mul 
tiplexer and adapted to generate a refresh pulse signal 
in accordance with one of said forced refresh request 
signal and said all-time refresh request signal selected 
by said multiplexer and transmit said refresh pulse 
signal to said memory core circuit; 

an AND circuit adapted to receive an external clock signal 
and a clock enable signal to pass said external clock 
signal therethrough in accordance with said clock 
enable signal; and 

a read/write pulse generating circuit connected to said 
modified clock signal generating circuit and adapted to 
generate a read/write pulse signal in Synchronization 
with said modified clock signal and transmit said 
read/write pulse signal to said memory core circuit. 

12. The semiconductor memory device as set forth in 
claim 11, wherein said special mode is a sleep mode. 

13. A method for driving a semiconductor memory device 
incorporating a memory core circuit requiring a refresh 
operation, comprising: 

performing a forced refresh operation upon said memory 
core circuit using an internally generated forced refresh 
request signal in a special mode; 

performing an all-time refresh operation upon said 
memory core circuit using an external clock signal and 
an internal clock signal having the same period as said 
internally generated forced refresh request signal in an 
actual mode; 

performing a read/write operation upon said memory core 
circuit using said external clock signal in said actual 
mode; and 

prohibiting said read/write operation upon said memory 
core circuit for at least one clock time period of said 
external clock signal when the control is transferred 
from said special mode to said actual mode. 

14. The method as set forth in claim 13, wherein said 
special mode is a sleep mode. 

15. The method as set forth in claim 13, wherein said 
special mode is a long cycle mode where the frequency of 
said external clock signal is Smaller than a predetermined 
value. 

16. A method for driving a semiconductor memory device 
incorporating a memory core circuit requiring a refresh 
operation, comprising: 

performing a forced refresh operation upon said memory 
core circuit using an internally generated forced refresh 
request signal in a special mode; 

performing an all-time refresh operation upon said 
memory core circuit using an external clock signal and 
an internal clock signal having the same period as said 
internally generated forced refresh request signal in an 
actual mode; 

performing a read/write operation upon said memory core 
circuit using said external clock signal in said actual 
mode; and 

delaying said external clock signal in accordance with 
said forced refresh request signal and said external 
clock signal when a chip selection signal is being 
enabled. 

17. A method for driving a semiconductor memory device 
incorporating a memory core circuit requiring a refresh 
operation, comprising: 
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performing a forced refresh operation upon said memory 
core circuit using an internally generated forced refresh 
request signal in a special mode; 

performing an all-time refresh operation upon said 
memory core circuit using an external clock signal and 
an internal clock signal having the same period as said 
internally generated forced refresh request signal in an 
actual mode; 

18 
performing a read/write operation upon said memory core 

circuit using said external clock signal in said actual 
mode; and 

prohibiting said read/write operation upon said memory 
core circuit when a clock enable signal is not being 
enabled. 


